ABSTRACT: Economic Load Dispatch, ELD can be defined as the way of allocating the load level to the generators of the power plant in such a way that the total demand would be supplied in a most economic manner and completely. In a practical power system, the power plants are not located at the same distance from the centre of loads and their fuel costs are different. Also, under normal operating conditions, the generation capacity is more than the total load demand and losses. Thus, there are many options for scheduling generation. In an interconnected power system, the objective is to find the real and reactive power scheduling of each power plant in such a way as to minimize the operating cost. This means that the generator"s real and reactive powers are allowed to vary within certain limits so as to meet a particular load demand with minimum fuel cost. This is called optimal power flow problem. In this paper, Economic Load Dispatch (ELD) of real power generation is considered. Economic Load Dispatch (ELD) is the scheduling of generators to minimize total operating cost of generator units subjected to equality constraint of power balance within the minimum and maximum operating limits of the generating units. This paper gives a survey of research work covering the concept of economic load dispatch. Economic load dispatch gives the best saving in cost for any power generation plant operation in which the methodology can be applied by various means from conventional to the advanced. In the past years up to 90s, the conventional techniques were used to make this happen but in the past decades AI techniques have fulfilled the requirements with satisfactory results that are being reviewed.
I. INTRODUCTION
Electricity became a vital commodity in our modern times. Almost every other commodity around us relies on electricity, from light systems, heating, cooling, water systems, communication, and transportation to a wide range of industrial processes. More than fifteen percent of energy consumed worldwide refers to electricity, but this percent is much higher in developed countries and tends to increase. Moreover, electricity consumption is highly correlated with the economic growth. In the past three decades, the electricity consumption worldwide almost tripled as a consequence of economic growth. The vital impact of electricity on our daily lives is especially noticed when sudden interruptions in the continuous electricity supply occur. Moreover, sudden, uncontrolled, wide-scale power outages may result in high societal and economic threats [1] . Electricity is usually produced by large power plants which use coal, heavy fuel oil, natural gas, hydro or nuclear fission as primary energy source and transform it into electrical power. Besides these technologies which have been used in power systems for decades, renewable energy sources such as wind, solar thermal and solar photovoltaics, biomass and micro-hydro are increasingly being utilized into the modern power systems. Each of the technologies mentioned above have a couple of economic, technical and societal advantages and disadvantages. The fossil fuel and nuclear technologies, on one hand, have the disadvantages of using finite resources with unequal distribution of fuel supplies between regions (creating possibilities for exercising political influence), and they are pollutant (emission of greenhouse gases or nuclear waste). However, they have economic and technical disadvantages, such as that they are still more expensive than conventional generation and they are mostly less controllable since their primary energy cannot be controlled (with the exception of hydro, geothermal and biomass). Therefore, the integration of renewable energy sources into the power system poses technical and economic challenges [2] . To reach the consumers (also known in power systems as loads) which are widely spread on large areas, electricity is usually transported and delivered through electrical networks (transmission and distribution networks which differ by means of the voltage level). A schematic representation of electricity supply chain is presented in figure 1.
Figure 1: Electricity Supply Chain
Electric energy is critically important in our daily lives, and its need is growing year after year with a faster or slower rate, depending on the economic growth and societal development. Sustainable and reliable generation of electricity is required, while societal, economic and engineering constraints need to be met. Moreover, compared to other vital commodities such as water or food, electricity has a number of particularities which make it a special commodity: it cannot be economically stored, has no substitutes, and requires near perfect, instantaneous balance between generation and demand. Thus, it is worth saying that the power system operation and management is one of the most challenging problems to solve [3] .
II. POWER GENERATION PROBLEM
In general, the power generation problem is based on three different sets of decisions which are dependent on the length of the planning time horizon. The first set consists of the long-term decisions (years) where the decision variables to be determined are the capacity, type, and number of power generators (units) to own. In the medium term (days to months), one needs to decide how to schedule (commit) the existing units for the planning horizon. And finally, in the short term (minutes to hours), the goal is to efficiently determine the amount of power that each committed unit need to produce in order to meet the real-time electricity demand. In general, the long-term problem is identified as the power expansion problem, the medium-term problem is identified as the unit commitment (UC) problem, and the short-term problem is called the economic dispatch (ED) or generator allocation problem. Note that the mid-term problems may refer also to the maintenance scheduling, when the time horizon is in the range of one year. In this case, the short-term problems refer to both UC and ED, and their time horizon is in the range of weeks to minutes [4] . A pictorial understanding of the main power system operation problems, their time frame and questions they answer is given in Figure 2 below.
Figure 2: Main Power System Operation Problems

III. ECONOMIC LOAD DISPATCH
Economic dispatch is the method of determining the most efficient, low-cost and reliable operation of a power system by dispatching the available electricity generation resources to supply the load on the system. The primary objective of economic dispatch is to minimize the total cost of generation while honouring the operational constraints of the available generation resources. Economic Dispatch is the process of allocating the required load demand between the available generation units such that the cost of operation is minimized. The economic scheduling of the generators aims to guarantee at all time the optimum combination of the generator connected to the system to supply the load demand. The economic load dispatch problem involves two separate steps. These are the online load dispatch and the unit commitment [5] [6] [7] . Economic dispatch is also defined as the coordination of the production costs of all the participating units in supplying the total load. The purpose of economic dispatch is to determine the optimal power generation of the units participating in supplying the load. The sum of the total power generation should equal to the load demand at the station. In a simplified case, the transmission losses are neglected. This makes the task of solution procedure easier [8] . In actual practice, the transmission losses are to be considered. The inclusion of transmission losses makes the task of economic dispatch more complicated. A different solution procedure has to be employed to arrive at the solution. Economic Dispatch models the electric power system (with one or more control areas) and dispatches the available generation resources to supply a given load for each control area in the most economic manner in real-time operation [9] [10] . The objective is to minimize the total generation cost (including fuel cost, plus emission cost, plus operation/maintenance cost, plus network loss cost) by meeting the following operational constraints:  System load demand  Downward-and-upward regulating margin requirements of the system  Lower and upper economic limits of each generating unit  Maximum ramping rate of each generating unit  Unit's restricted operating zones (up to three restricted zones per unit)  Emission allowance of the system (SO2, CO2, NOx) Network security constraints (maximum mW power flows of transmission lines)
Basic Mathematical Formulation
Consider n generators in the same plant or close enough electrically so that the line losses may be neglected. Let C1, C2, …, Cn be the operating costs of individual units for the corresponding power outputs P1, P2,…., Pn respectively. If C is the total operating cost of the entire system and PR is the total power received by the plant bus and transferred to the load, then
(ii) Equation (i) and (ii) can be minimized as:
The above equation shows that if transmission losses are neglected, the total demand PR at any instant must be met by the total generation. The above equation is the equality constraint. This a constrained minimizing problem. This problem can be solved by using Lagrangian multiplier technique.
where f is the equality constraint equation given by:
And λ is the Lagrange multiplier. Combination of equations (1.5) and (1.6) gives:
Equation (vii) can be solved for minimum by determining the partial derivate of the function C* on variable Pi and equating it equal to zero.
Since Ci is a function of Pi only. The partial derivates become full derivates, that is,
Therefore, the condition for optimum operation is 
Since the is the increment cost generation for the generator. The above equation shows that the criterion for a most economical division of load between within a plant is that all the unit is must operate at the same incremental fuel cost. This is known as the principle of equal λ criterion or the equal incremental cost-loading principle for economic operation.
The simplest economic load dispatch problem is the case when transmission line losses are neglected. Due to this the total demand is the sum of all generations. A cost function is assumed to be known each plant. The problem is to find the real power generation, for each plant such the total operating cost is the minimum and the generation remains within the lower generation and upper generation . Suppose there is a station with NG generators committed and the active power load (Pl) demand is given the real power generation (Pgt) for each generator has to be allocated so as to minimize the total cost. The optimization problem can be therefore be stated as:
IV. EVOLUTIONARY ECONOMIC LOAD DISPATCH Genetic Algorithm (GA) Based Economic Load Dispatch
Among the major economy security function in power systems operation, economic dispatch ranks [29] . The highest global optimization technique known as Genetic algorithm has emerged as a candidate due to its flexibility and efficiency for many optimization applications. It is a stochastic searching algorithm. The method was developed by John Holland in 1975. GA is inspired by the evolutionary theory which is explaining by the origin of species. Normally in our nature weak and unfit species within their environment are faced with extinction with natural selections. The strong one has greater opportunity to pass their genes to the future generation via reproduction process. In the long run the species those are carrying the correct combination in their genes become dominant in their population. Some times during the slow process of evolution, random changes may occur in genes. If these additional advantages in the challenge for survival, new species evolve from the old ones, unsuccessful changes are eliminated by natural selection. The GA is a search heuristic technique that mimics the process of natural evolution. The heuristics technique is routinely used to generate useful solutions to optimization and search problems. GA belongs to the larger class of evolutionary algorithm, which generates solutions to the optimization problems using natural evolution such as mutation, selection, crossover and inheritance. GA offer a new and powerful approach to the optimization problems make possible by the increasing availability of high performance of computers at relatively low cost. These algorithms have recently found extensive applications in solving global optimization searching problems when the closed form optimization techniques cannot be applied. GA are parallel and global search toward the global solution because, it simultaneously, evaluates many points in the parameter space. It does not need to assume that the search pace is differentiable or continuous.
Particle Swarm Based Economic Load Dispatch
Particle Swarm Optimization is a biologically inspired method of search and optimization developed in 1995 by Dr. Eberhart and Dr. Kennedy. Based on the social behaviors of birds flocking or fish schooling, this technique represents possible solutions as "particles" as they "fly" like a swarm through the solution space [30] . Its roots are in zoologist modeling of the movement of individuals (i.e. fishes, birds, and insects) with in a group. It has been noticed that members of the group seem to share information among them, a fact that leads to increase the efficiency of the group. PSO as an optimization tool provides a population based search procedure in which individuals called particles change their position (states) with time. In a PSO system particles flying around the multi dimensional space. In particle swarm optimization, each individual makes its decision based on its own experience together with other Individual's experience. Particle swarm optimization (PSO) is a population based stochastic optimization technique which is inspired by a social psychological metaphor instead of the survival of fittest individual. During the flight period each particle adjusts its position according to its own experience and the experience of neighboring particles and making use of best position taken by it and neighbors. The swarm direction of a particle can be defined by the set of particles neighboring the particles and its history experience. In PSO we are not using evolutionary operation to manipulate the individuals, in the PSO each individual flies in the search space with a velocity which is dynamically adjusted according to its own flying experience and its companions flying experience also.
Firefly Algorithm Based Economic Load Dispatch
The Firefly Algorithm (FA) developed by Dr. Xin-She Yang is a nature-inspired algorithm which is based on the flashing behavior of fireflies. The firefly algorithm which is based on the flashing light of fireflies. In the firefly algorithm, the objective function of a given optimization problem is associated with this flashing light or light intensity which helps the swarm of fireflies to move to brighter and more attractive locations in order to obtain efficient optimal solutions. The firefly algorithm possess many similarities with other swarm intelligence algorithms such as Particle Swarm Optimization (PSO), Bacterial Foraging (BFA) algorithm, and Artificial Bee Colony algorithm (ABC), it is much simpler both in implementation and concept. Its major advantage includes that it is based on the global communication among the fireflies and it uses mainly real random numbers and as a result, it seems more effective in optimal power flow problems. According to flashing characteristics of real fireflies, the firefly algorithm has three idealized rules [11] [12] [13] . They are:
1. All fireflies are unisex in nature so that they will move towards more attractive and brighter fireflies regardless of their sex. 2. Attractiveness is proportional to their brightness which decreases as the distance from the other firefly increases due to the fact that the air absorbs light. If there is not present a brighter or more attractive firefly than a particular one, it will select random movement. 3. The value of the objective function of a given problem is used to determine the brightness or light intensity of a firefly. The light intensity is proportional to the value of the objective function, in case of maximization problems.
V. CONCLUSION
In an interconnected power system, the objective is to find the real and reactive power scheduling of each power plant in such a way as to minimize the operating cost. This means that the generator"s real and reactive powers are allowed to vary within certain limits so as to meet a particular load demand with minimum fuel cost. This is called optimal power flow problem. This paper presents a new approach to nonsmooth ED problems based on the evolutionary algorithm. A position adjustment strategy is incorporated in the PSO framework in order to provide the solutions satisfying the inequality constraints. The equality constraint in the ED problem is resolved by reducing the degree of freedom by one at random. The strategies for handling constraints are devised while preserving the dynamic process of the PSO algorithm. Additionally, the dynamic search-space reduction strategy is applied to accelerate the convergence speed.
